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Redshift drift refers to the phenomena that redshift of cosmic objects is a function of time. Mea-
surement of redshift drift is of fundamental importance in physical cosmology and can be utilized to
distinguish different cosmological models. Redshift drift can be expressed in two distinct methods.
The first method is related to cosmography, where the Redshift drift is given as a series expansion
of cosmological parameters, while the second method is written as a function of Hubble parameter
and its time derivatives which ultimately involve field equations of a chosen theory of gravity. By
equating corresponding terms from both the series, the model parameter(s) of any modified theory of
gravity can be constrained. The present note aims at constraining the model parameter ζ of f (R, T)
gravity theory where f (R, T) = R + ζT. By equating linear terms in redshift z from both the series,
we constrain ζ in the range −0.51κ2 . ζ . −0.47κ2 , where κ2 = 8piG
c4
.
PACS numbers: 04.50.Kd
I. INTRODUCTION
Redshift drift (hereafter ‘RD’) refers to the phenom-
ena that redshift of cosmic objects is a function of time
and was first proposed in [1, 2]. In 1998 Loeb [3] demon-
strated a possible way to detect this effect by employing
the Lyman-α forest and is known as Sandage-Loeb test.
Conceptually, a measurement of RD is of fundamental
importance in physical cosmology owing to the fact that
it is a model-independent examination of the cosmic
expansion, without a priori presumption on geometry,
large scale clustering or nature of gravity [4]. However,
determining this effect requires high sensitivity which
is nearly impossible with most astronomical facilities at
the present time. In order to detect this effect, a high-
resolution spectrograph (ELT- HIRES) was appended to
the Extremely Large Telescope (ELT) [5]. A comprehen-
sive decade long study was conducted on high-redshift
objects in [6] and a list of possible targets were reported
there. The paramount of these observations for bridling
cosmological models were reported in [7–11].
The current accelerated expansion of the cosmos can be
elegantly described in various modified gravity theories
without engaging the idea of dark energy (DE). Out of
these, f (R, T) gravity is one of the most frequently stud-
ied modified gravity theory. First introduced in the lit-
erature [12], the theory is formulated by replacing the
Ricci scalar R in the Einstein-Hilbert action by a com-
bined function of R and trace of energy momentum ten-
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sor T. Since the function can be arbitrarily chosen with
suitable model parameter(s), it (they) can be tuned to fit
the observations gracefully. Viable csomological mod-
els in f (R, T) gravity have been studied in [13–20] with-
out employing DE, while in [21] the authors modeled
a flat galactic rotation curve without dark matter us-
ing f (R, T) gravitation. f (R, T) gravity has also been
applied to other cosmological scenarios such as bounc-
ing cosmology [22, 23], baryogenesis [24, 25], Big-Bang
nucleosynthesis [26], growth rate of matter fluctuations
[27], varying speed of light scenarios [28], wormholes
[29, 30] and irregular energy density [31].
The present note aims at utilizing the idea of RD in con-
straining the model parameter (ζ) to a very high accu-
racy.
RD can be expressed in two distinct methods. The
first method is related to cosmography, where the RD
is given as a series expansion of cosmological param-
eters i.e, Hubble parameter, deceleration prameter, jerk
parameter, snap parameter, pop parameter, etc [32–34],
while in the second method, RD is written as a function
of Hubble parameter and its higher order time deriva-
tives. In the latter method, Hubble parameter is written
in terms of field equations of a chosen theory of grav-
ity. By equating the coefficients of zi, where i = 1, 2...∞,
from these two series expansions, the model parame-
ter(s) of any modified gravity can be constrained.
The manuscript is organized as follows: In Section II
we present an overview of RD in cosmographical and
dynamical approaches. In Section III we briefly dis-
cuss Cosmography in ΛCDM model. In Section IV we
present an overview of f (R, T) modified gravity and
obtain the expression of Hubble parameter. In Section
2V we utilize the expression of Hubble parameter and
equate the corresponding linear terms in z from both the
series expansions and finally constrain the value of ζ.
Finally Section VI is devoted to conclusions and discus-
sions.
II. REDSHIFT DRIFT
Redshift of an astronomical source emitting a photon
at instant t and observed at instant t0, is given by:
a(t0)
a(t)
= 1+ z (1)
Owing to the non-uniform expansion of the cosmos, the
redshift z is time dependent z(t). As a result, a second
photon emitted by the same object at different instant
t +△t = t
′
, will correspond to a redshift z(t
′
). This
phenomena is refereed to as redshift drift, which can be
approximated as [3]
˙a(t0)− ˙a(t)
a(t)
=
△z
△t0
= (1+ z)H0 − H(z) (2)
where△t0 correspond to the time interval between two
observed photons. Remarkably, this observable neither
depends on how we define a standard ruler nor on the
intrinsic luminosity or any other characteristics of the
cosmic object.
Two different series expansions expressing RD shall
now be presented involving this observable as a
function of z. The first series involves kinematic and
geometric attributes of the metric (cosmographic ap-
proach), while the second series is represented in terms
of the Hubble parameter and its time derivatives which
is purely dependent on the chosen gravitational theory
(dynamical approach).
• Cosmographical Method:
The kinematic and geometric attributes of the met-
ric are designated by scale factor and its time
derivatives around t0. This reads(
a˙
a
) ∣∣∣∣
t0
≡ H0,
−1
H20
(
a¨
a
) ∣∣∣∣
t0
≡ q0,
−1
H30
( ...
a
a
) ∣∣∣∣
t0
≡ j0 (3)
where overhead dots represent time derivatives
and ′0′ denote the evaluation of these quantities
at the present epoch (z = 0). This approach aims
at estimating RD utilizing these quantities.
Expanding H(z) in terms of these parameters and
coupled with simple algebra, RD can be expressed
as
△z
t0
= −q0H0z−
1
2
(
j0 − q
2
0
)
H0z
2 +O(z3) (4)
Where △zt0 is a function of redshift (z). It is reported
that △zt0 is positive for 0 ≤ z . 2 with maximum
value at z ∼ 1.2. For z & 2, △zt0 < 0 and decreases
with increasing redshift [35].
Since H−10 ≃ t0, where t0 represent current age of
the universe, we can write (4) as
△z
t0
= −
q0
t0
z−
1
2
(
j0 − q
2
0
) 1
t0
z2 +O(z3) (5)
• Dynamical Method:
In this approach, the RD is written as a series ex-
pansion of Hubble parameter H(z) and its time
derivatives. Thence, the gravitational field equa-
tions enters the scenario through the Hubble pa-
rameter which depends on the chosen theory of
gravity. The expression of RD for the dynamical
method reads
△z
t0
=
(
H˙0
H0
+ H0
)
z +
(
H˙0
H0
−
H˙0
2
H30
+
H¨0
H20
)
z2
2
+O(z3)
(6)
III. COSMOGRAPHY IN ΛCDM MODEL
Cosmography is a convenient perspective to distin-
guish and study cosmological models framed com-
pletely on Cosmological Principle [36], and provide use-
ful insights of the cosmic expansion and evolution of
cosmological parameters [37–39].
By comparing the coefficients of different powers in z,
we obtain an infinite number of constrained equations.
The first elements of the series reads:
q0 = −ΩΛ0 +
1
2
Ωm0 (7)
j0 = Ω
2
Λ0 −Ωm0ΩΛ0 − 3Ωm0 +
5
2
Ω
2
m0 (8)
Hence from the knowledge of density parameters ΩΛ0
and Ωm0 we can estimate q0 and j0. Plugging Ωm0 =
0.315± 0.007 and ΩΛ0 = 0.6847± 0.0073 [40], we obtain
q0 ≃ −0.5271± 0.008 (9)
j0 ≃ −0.4439± 0.0165 (10)
the ascertained values agrees well with values deduced
from other observations [41–43].
3IV. OVERVIEW OF f (R,T) GRAVITY
For the f (R, T)modified gravity, action is given by
S(R,T) =
1
2κ2
∫
d4x
√
−g [ f (R, T) +Lm] (11)
where κ2 = 8piG
c4
, Lm = −p denote matter Lagrangian
and p is the cosmic pressure.
Variation of (11) withmetric (gij) yields the f (R, T) grav-
ity field equation as
κ2Tij− f
1
,T(R, T)(Tij+Θij) = Πij f
1
,R(R, T)+ f
1
,R(R, T)Rij−
1
2
gij f (R, T)
(12)
where, Tij represent energy momentum tensor of a per-
fect fluid and reads
(ρ + p)uiuj − pgij = Tij (13)
where ρ represent matter density.
Πij = gij−∇i∇j (14)
Θij ≡ g
µν δTµν
δgij
(15)
The notation f i,X ≡
di f
dXi
. We set f (R, T) = R + ζT. Modi-
fied Friedman equations for a flat FLRW spacetime with
(−,+,+,+) metric signature, reads
3H2 =
[
1
2
(3−ω) ζ + κ2
]
ρ (16)
− 2H˙− 3H2 =
[
1
2
(3ω− 1) ζ + κ2ω
]
ρ (17)
where ω = p/ρ represent equation of state (EoS) param-
eter. By eliminating ρ and solving for H, we obtain
H =
θ
t
(18)
Thence, time derivative of Hubble parameter (H˙) reads
H˙ = −
θ
t2
(19)
where,
θ =
(3− ω) ζ + 2κ2
3 (1+ ω) (κ2 + ζ)
(20)
V. CONSTRAINING ζ
Two distinct methods (cosmographical and dynami-
cal) were presented in Section II to ascertain the RD. As
represented by the ΛCDM cosmological model, equat-
ing the coefficients of zi from both the series, results in
a concatenation of constraint equations which can then
be solved. In case of modified gravity theories, these
equations relate model parameters of a chosen theory of
gravity to the cosmological parameters (H0, q0, j0, etc).
Since the values of these cosmological parameters are
well known from various observations, they can be em-
ployed to set bounds on the model parameter(s). Here,
we aim at evaluating ζ for the f (R, T) gravity model
f (R, T) = R+ ζT. This is one of themost widely studied
f (R, T) gravity model (check, for instance, [12, 44–46]).
Equating the coefficients of zi where, i = 1, from (5) and
(6), we obtain (
θ
t0
−
1
t0
)
= −
(
1
t0
)
q0 (21)
Substituting (20) in (21) we obtain
(3−ω)ζ + 2κ2
(κ2 + ζ)
= 3(1− q)(1+ ω) (22)
Observational Constraint: Cosmological observa-
tions indicate q0 = −0.57
+0.10
−0.08 [47] & ω0 = −1.03± 0.03
[40]. Substituting these values in (22), we found ζ to lie
in the range −0.51κ2 . ζ . −0.47κ2. The result indi-
cates positive values of ζ are not permissible.
VI. CONCLUSIONS
Modified gravity theories are viable alternatives to
GR in explaining the current cosmic acceleration with-
out dark energy. However, attempts must be made
to put constraints on the model parameters of these
extended theories of gravity to understand their effi-
ciency and applicability. In the present manuscript, we
seek to constrain the model parameter ζ of one of the
most widely studied f (R, T) gravity model of the form
f (R, T) = R + ζT. We achieved this by writing RD in
two distinct series expansions and then equating cor-
responding terms from both the series. The first series
is written in terms of cosmological parameters (H0, q0,
j0, etc). These parameters can be estimated from var-
ious cosmological observations. The second series is
written as a function of Hubble parameter and its time
derivatives which ultimately involve field equations of
f (R, T) gravity. By equating the linear terms in red-
shift z from both the series, we constrain ζ in the range
4−0.51κ2 . ζ . −0.47κ2, where κ2 = 8piG
c4
.
Our result makes it clear-cut that higher order T terms
in the action would yield minute changes in cosmologi-
cal models.
As a final note would add that the limits imposed on ζ
has no dependency on the actual computation of the RD.
Constraints yielded from theoretical estimations should
also be considered to decide if f (R, T) gravity models
provide satisfactory representation of the cosmos.
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